Introduction {#sec1}
============

Late-onset hypogonadism (LOH) or testosterone deficiency syndrome, a clinical and biochemical syndrome characterized by typical symptoms and a deficiency in serum testosterone, can adversely affect multiple organ functions and quality of life.[@bib1], [@bib2], [@bib3] LOH is diagnosed by testosterone measurement and symptom questionnaires; however, these methods have limitations.

Although symptom questionnaires such as the Androgen Deficiency in Aging Males (ADAM) questionnaire,[@bib4] the Aging Males' Symptom Scale (AMS),[@bib5] the Massachusetts Male Aging Study questionnaire (MMAS), the New England Research Institute Hypogonadism Screener, and the ANDROTEST are universally applied, they exhibit low specificity.[@bib6] Morley et al[@bib7] reported sensitivities of 97% for the ADAM questionnaire, 83% for the AMS, and 60% for the MMAS questionnaire. Specificities were only 30% for the ADAM questionnaire, 39% for the AMS, and 59% for the MMAS questionnaire.

Moreover, some investigators reported that total, free, and bioavailable testosterone levels do not correlate with the clinical symptoms of LOH.[@bib8], [@bib9] In addition, testosterone is characterized by diurnal and yearly variations, resulting in differentiations in its measurements for the same person depending on the time of measurement. Because of their inaccuracies in testosterone measurements and questionnaire answers, LOH is not easily diagnosed, limiting effective treatment.

The effect of testosterone is mediated through the androgen receptor (AR), the gene for which is located on Xq11-12 and contains 8 exons.[@bib10] The AR gene contains a repeated nucleotide sequence region, \[CAG\]nCAA (known as the CAG repeat polymorphism and denoted as \[CAG\]n), which codes for a polyglutamine tract in the N-terminal transactivation domain of exon 1.[@bib11]

The repeat length of CAG is negatively correlated with the transcriptional activity of target genes and can modulate AR activity.[@bib12] The length of the CAG repeat sequence spans 9 to 36 repeats, with an average length of 21 repeats in Caucasian populations.[@bib13] However, there are significant ethnic variations in the allelic distribution of the AR CAG repeat.[@bib13], [@bib14] Although \[CAG\]n appears to be associated with LOH or testosterone deficiency, the number of studies of \[CAG\]n in Asian male populations is very limited.

We explored the relation between AR \[CAG\]n and serum testosterone levels and LOH in a Korean male population.

Methods {#sec2}
=======

Subjects {#sec2.1}
--------

The study protocol was reviewed and approved by the institutional review board of Korea University Guro Hospital (Seoul, Korea).

A cross-sectional study was carried out at the university hospital from June 2014 to May 2015. The inclusion criterion was men older than 40 years who were recruited from an LOH screening program. Exclusion criteria were the presence of Klinefelter syndrome, Kallmann syndrome, primary hypogonadism, hypogonadotropic hypogonadism, and previous medical use of testosterone or androgen products.

At the time of recruitment, informed consent was obtained and details of each participant's characteristics, medical history, and drug history were recorded. Clinical and biochemical assessments of the participants were made using questionnaires and laboratory tests. To minimize the alteration of circadian variations in testosterone levels, blood samples were collected from 8:00 to 11:00 [am]{.smallcaps} from all men. Concentrations of total testosterone (TT) were measured using radioimmunoassay kits (Testo-RIA-CT, DIAsource ImmunoAssays, Nivelles, Belgium).

The participants completed several questionnaires related to LOH: the AMS, the 5-item International Index of Erectile Function (IIEF-5), the Patient Health Questionnaire--9 (PHQ), and the International Prostate Symptom Score.

LOH was diagnosed based on a serum testosterone level lower than 3.5 ng/mL and a positive score on the ADAM questionnaire,[@bib15] which was defined as a "yes" answer to questions 1 or 7 or any 3 other questions.[@bib1], [@bib4]

Genotyping {#sec2.2}
----------

The AR CAG repeat length of each participant was determined by microsatellite fragment sizing, as described by Stanworth et al.[@bib16], [@bib17] Genomic DNA was extracted from peripheral blood treated with ethylenediaminetetra-acetic acid and subjected to polymerase chain reaction to amplify exon 1 of the AR gene. DNA samples were stored at −80°C until analysis. DNA amplification was performed using an automated thermal cycler with PCR Master Mix (ABGene, Epsom, UK). After magnetic separation of the polymerase chain reaction products, each sample was analyzed using a capillary-based AB3730 automated sequencer (Applied Biosystems, Foster City, CA, USA), which produces electropherograms from which the DNA sequence can be derived.

Statistical Analysis {#sec2.3}
--------------------

Data are presented as mean ± SD for continuous variables or as proportions for categorical variables. Baseline characteristics of the men in the 2 groups (ie, with and without LOH) were compared using a t-test for continuous variables. Associations between CAG repeat length and questionnaire replies were analyzed using correlation analysis and are expressed as a Pearson correlation coefficient (r) with the associated *P* value. To assess the hazard ratio for LOH, a multivariate logistic regression analysis was performed. All statistical analyses were performed using SPSS 20.0 (SPSS, Inc, Chicago, IL, USA) and a *P* value less than .05 was considered statistically significant.

Results {#sec3}
=======

262 Korean men were enrolled in the study; the mean age of the participants was 63.4 ± 10.9 years (range = 51--93). The mean AR CAG repeat length was 22.1 ± 4.6 and the mean serum TT level was 5.6 ± 2.2 ng/mL ([Table 1](#tbl1){ref-type="table"} and [Figure 1](#fig1){ref-type="fig"}).Figure 1Distribution of the number of androgen receptor CAG repeats in the study population. AMS = Aging Males' Symptom Scale.Table 1Comparison of demographic characteristics and laboratory data between men with LOH and those without LOHAll (N = 262)LOH(−) (n = 229)LOH(+) (n = 33)*P* valueAge (y)63.5 ± 7.463.0 ± 7.466.1 ± 7.7.024[∗](#tbl1fnlowast){ref-type="table-fn"}CAG repeat length22.1 ± 4.621.5 ± 4.426.1 ± 4.0\<.001[∗](#tbl1fnlowast){ref-type="table-fn"}Total testosterone (ng/mL)5.6 ± 2.26.0 ± 2.02.6 ± 0.7\<.001[∗](#tbl1fnlowast){ref-type="table-fn"}IPSS total score14.0 ± 7.813.9 ± 7.714.0 ± 8.2.949IPSS voiding score8.2 ± 5.28.1 ± 5.28.2 ± 5.2.915IPSS storage score5.6 ± 3.55.6 ± 3.45.6 ± 3.8.956IPSS QOL score3.5 ± 1.23.5 ± 1.23.7 ± 1.3.266AMS total score34.5 ± 11.434.0 ± 11.538.4 ± 10.2.038[∗](#tbl1fnlowast){ref-type="table-fn"}AMS psychological score8.1 ± 3.28.0 ± 3.38.6 ± 2.3.294AMS somato-vegetative score13.9 ± 4.814.0 ± 4.913.8 ± 4.2.826AMS sexual factor score12.5 ± 5.512.0 ± 5.316.0 ± 5.6\<.001[∗](#tbl1fnlowast){ref-type="table-fn"}IIEF-5 total score11.6 ± 7.311.9 ± 7.39.7 ± 7.0.102PHQ total score3.1 ± 3.93.17 ± 4.12.9 ± 2.9.690[^1][^2]

Overall, 225 participants (85.9%) had a positive ADAM score and 65 (18.3%) had low serum TT levels (\<3.5 ng/mL). Based on the LOH diagnostic criteria used, 33 men (12.6%) were determined to have the condition. Mean serum testosterone levels were 2.6 ± 0.7 and 6.0 ± 2.0 ng/mL in men with and without LOH, respectively. Men with a positive ADAM score showed significantly longer AR CAG repeat lengths than did men with a negative ADAM score (22.3 vs 20.4, *P* = .018).

Men with LOH showed significantly longer AR CAG repeat lengths compared with men without LOH (26.1 vs 21.5, *P* \< .001). A comparison of data between these 2 groups of men showed significant differences in age (*P* = .024), CAG repeat length (*P* \< .001), and TT level (*P* \< .001). For the questionnaires, there were significant differences between the 2 groups in the AMS total score (*P* = .04) and the AMS sexual factor sub-score (*P* = .002). Although the mean scores for the IIEF-5 and PHQ questionnaires were lower in men with LOH, the differences were not significant ([Table 2](#tbl2){ref-type="table"}).Table 2Multivariate analysis associated with late-onset hypogonadismVariablesBSE*P* ValueExp(B)95% CI for Exp(B)Age (year)0.0500.025.041[∗](#tbl2fnlowast){ref-type="table-fn"}1.051.00--1.10CAG repeat length0.2520.053\<.001[∗](#tbl2fnlowast){ref-type="table-fn"}1.291.16--1.43AMS total score−0.0360.031.2520.970.91--1.03AMS sexual factor score0.0350.066.5931.0360.91--1.18[^3][^4]

In the correlation analysis between \[CAG\]n and testosterone level, there was no association between CAG repeat length and TT (data not shown). In the correlation analysis between \[CAG\]n and the questionnaire results, there were increases in the AMS total score (r = 0.454, *P* = .001) and the AMS psychotic (r = 0.276, *P* = .006), somatic (r = 0.246, *P* = .007), and sexual (r = 0.571, *P* = .001) sub-scores ([Figure 2](#fig2){ref-type="fig"}A--D) and significant decreases in IIEF-5 scores (r = −0.261, *P* = .001; [Figure 3](#fig3){ref-type="fig"}) with increasing CAG repeat length. In a subgroup analysis of the normal testosterone group, there were significant correlations of \[CAG\]n with the AMS total score (r = 0.301, *P* \< .001) and the AMS psychotic (r = 0.224, *P* = .001), somatic (r = 0.239, *P* \< .001), and sexual (r = 0.328, *P* \< .001) sub-scores and IIEF-5 scores (r = −0.223, *P* = .001).Figure 2Correlation analysis between androgen receptor CAG repeat length and AMS scores. Panels A through D show the correlation between longer CAG repeat lengths and increased AMS total scores (r = 0.454, *P* = .001), AMS psychotic sub-score (r = 0.276, *P* = .001), AMS somatic sub-score (r = 0.246, *P* = .001), and AMS sexual sub-score (r = 0.571, *P* = .001), respectively. AMS = Aging Males' Symptom Scale.Figure 3Correlation analysis between androgen receptor CAG repeat length and IIEF-5 score. With longer CAG repeat lengths, the IIEF-5 score decreased significantly (r = −0.261, *P* = .001). IIEF-5 = 5-item International Index of Erectile Function.

In the receiver-operator characteristics curve analysis to identify the potential criteria for the CAG repeat length predictive of the presence of LOH, the CAG repeat length showed an area under the curve of 0.800 (95% CI = 0.72--0.88, *P* \< .001; [Figure 4](#fig4){ref-type="fig"}). The optimal cutoff value to maximize the Youden index was 24 for the CAG repeat length (Youden index = 0.496). Using this cutoff value of 24 for the CAG repeat length, the sensitivity and specificity were 72.7% and 76.9%, respectively.Figure 4In the receiver-operator characteristics curve analysis to identify the potential criteria for the CAG repeat length predictive of the presence of late-onset hypogonadism, the CAG repeat length showed an AUC of 0.800 (95% CI = 0.72--0.88, *P* \< .001). AUC = area under the curve.

Multivariate analysis showed an independent association of patient age (odds ratio = 1.05, *P* = .041) and CAG repeat length (odds ratio = 1.29, *P* \< .001) with LOH ([Table 2](#tbl2){ref-type="table"}).

Discussion {#sec4}
==========

Several studies have reported an ethnic variation in the distribution of AR CAG repeats.[@bib13], [@bib14] Previous studies have shown that the number of AR CAG repeats is shortest in African Americans, intermediate in whites, and longest in Asians, which corresponds well with the variable phenotypes of disease such as prostate cancer.[@bib18], [@bib19] This ethnic variation in AR CAG repeats could help explain part of the large racial difference of disease.[@bib20] However, the number of studies of AR CAG and LOH in Asian male populations is very limited.

In our study of the relation between AR \[CAG\]n and testosterone deficiency, we found a negative association between the CAG repeat length and LOH. In the multivariate analysis, a longer CAG repeat length was an independent risk factor for LOH. However, our data showed no correlation between CAG and hormonal levels.

Several researchers have examined the relation between \[CAG\]n and testosterone levels or LOH.

Huhtaniemi et al[@bib21] conducted a multinational prospective study and investigated the relation between various reproductive hormones and AR CAG repeat length in the European Male Ageing study. Men with longer AR CAG repeats had higher testosterone levels, which could adequately compensate for the lower AR activity.

Stanworth et al[@bib17] evaluated the relations among AR CAG repeat length, sex hormones, and clinical variables in 244 men with type 2 diabetes and found the testosterone level to be negatively correlated with leptin level and obesity, whereas AR \[CAG\]n showed a positive correlation with these 2 parameters. AR \[CAG\]n was not associated with symptoms of hypogonadism or with SHBG, estradiol, and hemoglobin A~1c~ levels.

Crabbe et al[@bib22] studied serum hormone levels and AR CAG repeat lengths by cross-sectional analysis of healthy men in 2 independent studies (2,322 men in the Belstress study and 358 in the SIBLOS study). Their results showed that the CAG repeat length was positively correlated with TT and free testosterone (FT) levels. The variability in serum FT levels in healthy men was related in part to differences in androgen sensitivity and feedback set points associated with AR polymorphism.

Krithivas et al[@bib23] compared the CAG repeat length with TT, FT, albumin-binding testosterone, dihydrotestosterone, SHBG, and luteinizing hormone (LH) levels in 882 men in the MMAS. The CAG repeat length was significantly associated with TT, FT, and albumin-bind testosterone levels. Androgen levels could be regulated by the genotype of the AR gene.

Travison et al[@bib24] studied the association of \[CAG\]n with TT and FT levels and frailty in 624 elderly men in the MMAS. CAG repeat length was positively correlated with TT and FT levels. Multivariate regression analysis showed no effect of \[CAG\]n on hormone levels and the prevalence of frailty. Their study did not support the hypothesis that a lack of association between circulating androgens and the frailty phenotype could be explained by interpersonal differences in the CAG repeat.

In contrast, some studies showed that \[CAG\]n and testosterone levels or LOH are not related. Harkonen et al[@bib25] found no significant correlation between testosterone level and AR CAG repeat lengths. They explained the results were due to the wide fluctuation of testosterone levels and the cross-sectional nature of their study. However, they found a positive correlation between LH and the severity of erectile dysfunction and a relation between CAG and various age-related conditions and symptoms.

Goutou et al[@bib26] examined the association between AR gene polymorphism and serum hormone and lipid profiles in 170 healthy men. They found no significant correlation between AR \[CAG\]n and gonadal steroid levels (TT, FT, and total and free estradiol) and lipid profiles (triglyceride and total, high-density lipoprotein, and low-density lipoprotein cholesterol). They concluded that AR \[CAG\]n might not predict sex hormone levels in healthy men, and the effects of the CAG repeat length on lipid levels remained unclear.

Van Pottelbergh et al[@bib27] evaluated the individual variability of serum testosterone levels and potential contribution of AR \[CAG\]n to bone metabolism in 273 elderly men. They found no significant correlation between AR CAG repeat length and TT, FT, and LH levels. There also was no correlation between AR CAG repeat length and bone mineral density in the hips and forearms. Moreover, AR \[CAG\]n was not associated with biochemical markers of bone turnover rate. This study did not support the hypothesis that AR \[CAG\]n affects interpersonal differences in serum testosterone, bone turnover rate, and bone mineral density.

In the present study, we found no relation between \[CAG\]n and TT, perhaps because of the influence of various environmental factors. (i) The fluctuation of TT levels should be considered. (ii) According to Skjaerpe et al,[@bib28] the lower AR sensitivity in men with higher CAG repeat numbers can be compensated, at least in part, by higher testosterone levels. However, the extent of compensation is not known and can vary from person to person. In addition, this was a cross-sectional study. In the MMAS, which was a longitudinal study of 882 men 40 to 70 years old, a difference in TT alteration according to CAG length was found. Therefore, to obtain a definite conclusion, additional studies are needed.

However, regarding the questionnaires, our results showed that the AR CAG repeat length was associated with the clinical symptoms of LOH. In correlation analysis, \[CAG\]n was associated with the AMS total score and AMS sexual sub-score. The importance of these results in unclear because of the difficulty in controlling environmental variables associated with each participant. In multivariate analysis for LOH, the questionnaire had less influence than the AR CAG repeat length. However, when an ideal method for testosterone measurement is not available, CAG measurement for patients with LOH symptoms is meaningful. In particular, CAG should be measured in men with normal testosterone levels and in those with LOH symptoms.

Our study had several limitations. This study evaluated a small number of participants in a single institution. Because of the small sample, the number of patients with LOH was very small. In addition, other sex hormone-associated factors such as SHBG, follicle-stimulating hormone, and LH were not measured. This cross-sectional study examined only a single measurement of the CAG repeat length.

Despite these limitations, our study showed an association between \[CAG\]n and LOH in Korean men, which is the 1st such finding in an Asian male population. Moreover, from the multivariate analysis, a longer CAG repeat length was found to be an independent risk factor for LOH. Thus, measurement of CAG repeat length can play a role in the diagnosis and evaluation of LOH in patients with LOH symptoms (even if they show normal testosterone levels). Further prospective studies of a larger population and in collaboration with other centers, while controlling environmental variables, are needed to verify our conclusions.

Conclusions {#sec5}
===========

AR CAG repeat length was found to be associated with the prevalence and clinical symptoms of LOH in a Korean male population. It is important to measure CAG in patients with LOH symptoms even if their testosterone level is not low.
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[^1]: AMS = Aging Males' Symptom Scale; IIEF-5 = 5-item International Index of Erectile Function; IPSS = International Prostate Symptom Score; LOH = late-onset hypogonadism; PHQ = Patient Health Questionnaire--9; QOL = quality of life.

[^2]: *P* \< .05.

[^3]: AMS = Aging Males' Symptom Scale; B = regression coefficient; Exp(B) = odds ratio; SE = standard error.

[^4]: *P* \< .05.
